In Indonesia the number of persons with type 2 diabetes mellitus (T2DM) was 8.5 million in 2013, and is estimated to be 11.8 million in 2030. The aim of this study was to determine the major risk factors associated with T2DM prevalence in urban aged >15 years.
INTRODUCTION
The number of persons with type 2 diabetes mellitus (T2DM) is expected to become a burden in adults, particularly in especially developing countries. In 2013, there were 382 million people with diabetes, and this number is projected to become 592 million in 2035. The majority (77%) of people with diabetes live in low and middle income countries.
(1) The International Diabetes Federation (IDF) estimates that in 2030 a total of 398 million (7.1%) will have impaired glucose tolerance (IGT) and that DM will cause 4.9 million deaths in 2014, or that every seven seconds one person will die from DM. (2) In the Asia Pacific region, T2DM constitutes a health problem. Undiagnosed cases or case with delayed diagnosis and low levels of monitoring are frequently associated with increased risk of microvascular and cardiovascular disease, disabilities, and premature deaths.
Although Indonesia does not belong to the 10 countries with the highest diabetes prevalence in the world, as a country with a large population, in 2013 it was number 7 in rank, with 8.5 million persons with T2DM, which is projected to become 11.8 million in 2030. (5) The results of the Basic Health Research (Riset Kesehatan Dasar, Riskesdas) of 2007 and 2013 showed that the prevalence of T2DM in Indonesia, as obtained by interviews, also tended to increase from 1.1% (6) to 2.1%. (7) Diabetes mellitus is a life-long chronic metabolic disease that is a risk factor for cardiovascular disease, a major cause of death. Uncontrolled diabetes mellitus results in various complications, such as diabetic foot, neuropathy, retinopathy, chronic renal disease, coronary heart disease, and stroke. (8) The results of several studies have indicated a number of unmodifiable and modifiable factors that increase the risk of DM. Unmodifiable risk factors include ethnicity, family history of diabetes, age, history of delivery of infants of >4kg body weight, and history of gestational DM. Modifiable risk factors comprise overweight, low physical activity level, hypertension, dyslipidemia, and unhealthy diet (high in sugar and low in fiber). (6, 9) Awareness of the increased incidence of T2DM and measures to prevent T2DM by controlling the risk factors need to be promoted. For this purpose, the prevalence and the determining risk factors of T2DM should be continuously investigated and analyzed from year to year. To date no information was available on studies showing a tendency of increased T2DM incidence in Indonesia adults residing in urban areas. The objective of this study was to determine a tendency of increased prevalence of T2DM and its determining risk factors in urban adults.
METHODS

Research design
This research was part of the Riskesdas 2007 and 2013 studies. This was a non-interventional cross-sectional study conducted from September to November 2007 and from August to October 2013.
Study subjects
The respondents were household members aged >15 years, residing in urban areas, of households selected as samples in Riskesdas 2007 or Riskesdas 2013. The inclusion criteria were residents >15 years old, males and females, agreeing to be interviewed and to be subjected to blood sampling. The number of respondents fullfilling the inclusion criteria in 2007 and 2013 were 294,352 and 368,281 respectively.
Interviews
Interviews were performed using a questionnaire comprising items on sociodemographic characteristics, past history of disease, and high risk behavioral factors. The questions focused on the respondents having been diagnosed by health personnel as suffering from T2DM, on the T2DM symptom triad (polyphagia, polydipsia, and polyuria) and on current use of antidiabetics or insulin injections.
Measurements
Of the anthropometrical measurements, weight was measured in "kg" using personal scales, and height was measured in "cm" using a stadiometer. Abdominal circumference was measured in "cm" using a measuring tape. Body mass index (BMI) was calculated from the formula: BMI (kg/m ]. Blood pressure was measured using a digital sphygmomanometer.
Laboratory analysis
Blood samples from the cubital vein were drawn after the respondents had fasted for 10-12 hours. Fasting and 2-hour postload blood glucose concentrations were determined by electroenzymatic methods. Blood lipid concentration was determined at the Health Research and Development Agency (HRDA, Balitbangkes) integrated laboratory, using the Cobas 6000 Roche analyzer and the C501module kit on enzymatic colorimetric principles. (10, 11) Blood examinations consisted of fasting glucose measurement and determination of blood glucose 2 hours after loading with a solution of 75 g glucose in 250 ml water, total cholesterol, high density lipoprotein (HDL), low density lipoprotein (LDL), and triglyceride concentrations.
Diabetes mellitus type 2 was diagnosed according to the 2011 guidelines of the American Diabetes Association (ADA). (12) The T2DM diagnostic criteria were considered to be met if: 1) random plasma glucose concentration was >200 mg/dL and the classical symptoms of T2DM were present, such as polyuria, polydipsia, polyphagia, and unexplained weight loss; 2) fasting plasma glucose of >126 mg% with classical T2DM symptoms; 3) 2-hour postload glucose >200 mg/dL.
Blood lipid concentration was referenced to the normal values according to the National Cholesterol Education Program (NCEP)-Adult Treatment Panel (ATP) III. (13) Normal total cholesterol was taken as <200 mg/dL, and abnormal total cholesterol concentrations included the criteria borderline (200-239 mg/dL) and high (>240 mg/dL). In the analysis, the limit of 240 mg/dL was taken. The normal HDL value in males and females was >40 mg/dL and the optimal LDL value was <100 mg/dL. Based on the reference, the category of near optimal/above optimal was 100-129 mg/dL, borderline high was 130-159 mg/ dL, high had a value of 160-189 mg/dL, and very high had a value of >190 mg/dL. In the analysis, LDL values were categorized as <160 mgdL and >160 mg/dL. The normal triglyceride value was <150 mg/dL. There were several triglyceride categories, i.e. borderline high with the values of 150-199 mg/dL, high with 200-499 mg/dL and very high with >500 mg/dL. In the analysis, the triglyceride limits were taken as <200 mg/dL and >200 mg/dL.
Data analysis
Data analysis was performed descriptively to describe the prevalence distribution of T2DM based on several variables. The odds ratio was used to test for a relationship between T2DM and a number of other variables. Furthermore, multiple logistic regression analysis was used to obtain models of T2DM risk factors.
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RESULTS
The prevalence of T2DM based on symptoms (DM triad) and blood glucose testing (fasting and 2 hour postload) in persons aged >15 years increased from 2.3% in 2007 to 2.5% in 2013. The prevalence of T2DM increased with advancing age up to 55-64 years, then tended to decrease up to 75 years or above. This was found in both the findings of the year 2007 and 2013. When comparing these two studies, there was a tendency for the T2DM prevalence to increase, particularly in the younger age groups.
The prevalence of T2DM was higher in persons with low education and middle-to-high economic status (quintiles 3-5) in comparison with high education and low economic status (quintiles 1-2). Working males had more frequently T2DM in comparison with nonworking females in 2007, but the opposite occurred in 2013 ( Table 1) .
The prevalence of T2DM was higher in persons with inadequate physical activity, in smokers with a Brinkman index of 200 cigarettes or more, in ex-smokers, consumers of fruits and vegetables of 3 servings or more per day, consumers of sweets and consumers of coffee of less than once daily in 2007 and 2013. On the other hand, the prevalence of T2DM was higher in 2007, but lower in 2013, in persons who consumed fatty foods once daily or more (Table  1) . In general, higher fasting and 2-hour postload blood glucose concentrations were strongly associated with the incidence of T2DM. In 2007 no fasting blood glucose concentrations were collected, so that this finding could not be compared. High-risk blood lipid concentrations (total cholesterol, HDL, LDL, triglycerides) had a strong association with the incidence of T2DM (2007) . Similar, in the obese, body mass index and abdominal obesity carried a higher risk than in the non-obese. The prevalence of hypertension and mental-emotional disturbances in persons with T2DM increased within the 5-year period (Table 2) .
Riskesdas 2007 showed that the factors associated with T2DM, in addition to age, also comprised inadequate physical activity, consumption of sweets, and central obesity, after controlling for the variables gender, employment, and economic status. Higher age was strongly associated with incidence of T2DM. Persons with inadequate physical activity had a 1.9 fold higher risk (95% CI:1.16-2.98) for T2DM, in comparison with those with adequate physical activity. Persons with central obesity had a 1.8 fold higher risk (95% CI:0.99-3.10) in comparison with those without central obesity. The models had a 97.9 percent concordance with the true classification ( Table 3) .
The factors associated with T2DM in Riskesdas 2013 showed a 97.5 percent concordance with the true classification, except for inadequate physical activity with OR 2.4 (95% Table 4) . Active smokers and ex-smokers had a 4.3 fold higher risk (95% CI: 2.63-6.96) of suffering from T2DM than non-smokers. Persons with emotional disturbances had a 3.4 fold higher risk (95% CI: 2.03-5.57) of suffering from T2DM than those without mental emotional disturbances. Persons with inadequate physical activity (less active) had a 2.4 fold higher risk (95% CI 1.57-3.78) than those with adequate physical activity. Persons with LDL cholesterol concentrations of >200 mg/dl had a 1.9 fold higher risk (95% CI 1.08-3.38) than those with LDL cholesterol concentrations of <200 mg/dl. Persons who smoked >200 cigarettes had a 1.7 fold higher risk (95% CI 1.06-2.56) than those who smoked <200 cigarettes. Persons with hypertension had a 1.5 fold higher risk (95% CI 0.99-2.37) than those without hypertension. Persons with fasting blood glucose concentrations of 100-125 mg/dl had a 2.5 fold higher risk (95% CI 1.45-4.23), but those with fasting blood glucose concentrations of >126 mg/dl had a 9.6 higher risk (95% CI 5.17-17.85), whereas persons with 2-hour postload blood glucose concentrations of >200 mg/dl had a 2.4 fold higher risk (95% CI 1.32-4.34), after controlling for the variables age, gender, and economic status.
DISCUSSION
Diabetes mellitus is a health problem that has most rapidly developed as a consequence of changes in life style. The prevalence of T2DM based on symptoms and blood glucose testing in persons aged >15 years within a period of 5 years increased by 0.2% (2.3% in 2007 vs 2.5% in 2013).
The results of analysis showed that the determining factors of T2DM incidence are inadequate physical activity and central obesity in both 2007 and 2013. In the bivariate analysis of the 2007 data, the incidence of T2DM had a significant association with BMI scores of >27 However, a cohort study showed that central obesity was not a risk factor for the occurrence of new onset T2DM. (14) The occurrence of new onset T2DM consists of increases in positive components of the metabolic syndrome. Even accumulation of triglycerides and free fatty acids may be associated with insulin resistance and beta cell dysfunction, so that monitoring of the blood glucose and triglyceride concentrations is very important in patients with T2DM, particularly those with central obesity. (15) As a developing country with increasingly improved conditions, changes in dietary structure and life style result in altered food consumption, with more high caloric and high fat foods, while the requirement for physical exertion in occupational and daily activities has been reduced. These factors have led to increased obesity, thus causing a serious increase in the risks of comorbidity such as T2DM, heart disease, certain cancers, and shorter life expectancy. Longitudinal studies are in support of the fact that a diet high in fat and calories and inadequate physical activity are risk factors for obesity and that the diabetes incidence of 80-95% may be associated with obesity with fat distribution in the abdominal region. However, there are still many people who tolerate obesity. The underlying mechanism of genetic diversity in the oxidation of substrates is poorly understood, and may explain the occurrence of inter-individual variability in weight gain from life style. (16) The negative influence of urbanization (living in metropolitan areas, having at least one car) on the level of activity, thus increasing the risk of T2DM, has been demonstrated in a Lebanese study in adults. (17) In addition, the significantly decreased physical activity in the older age groups and in females does not reach the recommended targets, in comparison with males. (18) A study in China showed that the prevalence of diabetes increased with increasing age and weight on the basis of body mass index. The prevalence of diabetes was also found to be higher in the urban than in the rural population. (19) Furthermore, the cognitive factor of emotion, which affects dietary intake, may explain why some individuals are able to survive while having obesity. (20) Whatever the reasons associated with it, obesity has contributed to non-communicable disease, especially diabetes mellitus. A study of the National Institutes of Health in the US found that moderate activity (30 minutes daily per week) or vigorous exercise (20 minutes three times weekly) is associated with overall reductions in the risk of death by 27% and 32%, respectively. The study concluded that regular physical activity is the most important part of diabetes management planning and this finding underlines the importance of the regular application of physical activity as part of life style measures. (22) Blomster et al. (23) in their study concluded that moderate and vigorous activity are significantly associated with the reduction of cardiovascular and microvascular incidence, and of all-cause mortality in patients with T2DM. Another study showed a significant association of physical activity with age, gender, and ethnicity. With increasing age the level of physical activity was lower than recommended. Females (49%) had less physical activity than recommended, in comparison with males (62.4%). (19) A cohort study involving 6,997 respondents showed that metabolic dysfunction increased the risk of T2DM. In the group with normal weight the risk was 4.7 fold higher, in the group with overweight the risk was 8.5 fold higher, and in the group with obesity 16.3 fold higher, in comparison with the group with normal weight without metabolic dysfunction. (24) One of the limitations of this study was its cross-sectional design, which takes a momentary snapshot of the conditions of the subjects, so that it cannot as yet provide an answer to the causes and effects of central obesity in increasing the incidence of T2DM in urban adults.
CONCLUSIONS
Within a five-year period there was an increase in the prevalence of T2DM. The major risk factors associated with the prevalence of T2DM was central obesity. This may be of note in the institution of preventive and promotive measures to inhibit or prevent T2DM events, particularly in urban areas.
